Introduction
The design and development of protective clothing should be regarded essentially as an ergonomic undertaking, for these are obviously important aspects of the process of 'fitting the job to the worker' in the interests of efficiency, health and safety. There are many situations in industry where the operator's personal micro-environment has to be specially designed to take account of the functional requirements and the stresses of the task or process; it has to fit both the machine and the man. To achieve this, as in all ergonomic research, multidisciplinary teamwork and a combination of field and laboratory investigation are called for. It appraisal of the problem under realistic conditions, the formulation of new designs, the provision of trial assemblies with tests under simulated conditions, modification or revision of the mock-ups, then further laboratory and intensive field trials and finally production in large numbers with proper anthropometric fitting.
The scientific and technical effort that goes into the theory and practice of the ergonomic design of protective equipment are well illustrated by the many assemblies described and demonstrated in this symposium. Impressive as is the range of equipment displayed, it is of course by no means comprehensive. The emphasis here is rather more on body than on extremity protection. It would take several more such meetings to deal adequately with headgear, foot, hand, eye, ear and respiratory protection, though some ofthe exhibits concern these aspects.
It is, however, clear enough that an enormous variety of occupations demand the proper design of protective equipment and there is in fact a large number of manufacturing firms involved in what may be termed the protective clothing industry. Judged by the Industry, Safety Equipment and Clothing Catalogue of 1963, some two hundred firms can be grouped roughly as follows: protective clothing, 68; gloves, 22; headgear and eye protection, 15; footwear, 37; miscellaneous suppliers, 60.
With so diversified an industry composed of relatively small firms it is perhaps not surprising that research, development and systematic testing are on a small scale and with little co-ordination of effort.
As far as I am aware, the half-dozen or so very large firms do not carry out any systematic research work. The basic research on new fabrics and fibres is left to the Textile Research Associations, but there is no research association or development council concerned with production assemblies as such. In contrast, the Services have long appreciated this need in the military field and have for some years maintained facilities at the Army Physiological Research Establishment and at the Royal Aircraft Establishment, Fainborough.
Other industries, likewise composed of relatively small units such as the furniture manufacturers, have found it possible to establish effective development councils and there seems no reason why this should not be done in the protective clothing industry whose output, turnover and export trade is quite substantial. There is an Industrial Safety (Personal Equipment) Manufacturers' Association with a fair coverage, but its activities have not extended to the setting up of any research organization. There is, however, an awareness of the need of such an organization on the part of both users and manufacturers, as evidenced by the membership of a recently formed panel of the British Standards Institution (BSI) for Research and Development of Protective Clothing Equipment. This is no substitute for a research centre, but is proving valuable as a source of information and for identifying specific items or fields of research. In some cases these problems can be referred to existing laboratories, but the scope for dealing with the many problems known to the panel is very limited at present. Experience of various research projects dealt with in the Environmental Physiology Unit, both for industry and the Services, and meetings on the subject, including those arranged by the BSI panel, leave me in no doubt that there is strong support for setting up a development council. It seems worthwhile, therefore, on the occasion of this Symposium to present an outline of the scope of such a research centre and of the benefits to be obtained:
(1) Searchfor improved materials: Most protective clothing items and assemblies incorporate a whole variety of products so that the search for better materials requires an all-round approach not possible even to fairly large industrial concerns.
As examples, we may instance that new plastic materials for buoyancy equipment (such as life jackets and under-water suits) are constantly becoming available in addition to the time-honoured cork and kapok; plastics, aluminium and fibreglass offer a diversity of materials for safety headgear; for flame and heat resistance there are many possible combinations of fabric and chemical treatment. In our experience (mainly in the steel industry) the prospective user is nearly always obliged to do his own exploratory work in the search for new materials, since no single firm is usually ready to devote resources to this task.
(2) Improved designs: Similarly, the design of new assemblies requires the co-operation of specialists from many different disciplines. For example, in the work that the MRC Unit for Environmental Physiology has done on new ventilated garments and ancillary equipment (gloves, footwear, hose and visors), the design has owed very little to any established firm, though this kind of work should primarily be the concern of textile and other technologists, rather than of medical research workers. New designs also require special anthropometric surveys and fitting trials for particular groups of workers.
(3) Testing and maintenance of equipment: Only a research association could carry out the evaluation of existing and new protective clothing and equipment adequately. Not only physical and chemical tests, but in many cases physiological and even psychological trials in the laboratory and in the field have to be carried out. Another important task would be to enquire periodically into the efficiency with which protective equipment is maintained and serviced.
(4) Survey of needs: Deliberate surveys would be undertaken to spot situations in which new or better protective clothing was needed. This is especially important in relation to accident prevention.
(5) Intensive research in industry: Specific industrial situations orjobs would be throughly investigated with the object of designing suitable protective assemblies.
(6) Information and advisory centre: This would be an important function of the proposed research centre.
The hope is held that this Symposium will give an impetus to the establishment of a centre to function along the lines outlined. Of course, since many of the firms concerned are small and restricted in their interests, the resources for a central establishment can only be obtained by contributions from the industry in association with Government Departments, presumably the Ministry of Technology. Only a well-established central laboratory could attract appropriately qualified research workers from the requisite scientific and technological disciplines. The quality and design ofprotective clothing worn by fishermen was first considered during the investigation of an allergic contact dermatitis known as Dogger Bank Itch (Newhouse 1966) . Later Schilling's (1966) observations, emphasizing the chronic fatigue of the fisherman while at sea and their high mortality due to drowning, often through being washed overboard in high seas, indicated the urgent need for review of their working conditions and safety equipment.
At that time the fisherman usually wore an unlined polyvinyl chloride smock, reaching to midcalf with thigh length sea boots. This smock is a bulky, heavy garment which impedes active movement; it is open at the cuffs and neck allowing penetration of water to the garments worn underneath. After wear the edges become stiffand sharp causing skin lesions at the wrists and neck. The smock and boots together are negatively buoyant, thus no protection against drowning. Establishment both contribute ideas and lend their facilitiesrain sheds and wind tunnels. We hope techniques which have been developed will be of use to them. There is a two-way exchange of ideas and assistance in fabric testing with organizations such as the Shirley Institute. The fishermen's comments are sought through their unions and other organizations at the fishing ports. By sea trials and by other contacts we hope to change the fashion in protective garments so that our final design will prove to be generally acceptable. We have the manufacturers' co-operation in making garments for sea trials and appreciate their suggestions such as the importance of simplicity in design in order to keep costs low.
Finally, we hope to have a commercial market for a light, warm, wet-proof and well-fitting garment that will be positively buoyant, keeping,aman afloat and protected in low temperatures. It must be popular with fishermen and reasonably priced.
